+« LUVOIRHigh Definition Imager
| (HDI) Instrument -~

4 S y - : e

~ +~MARC POSTMAN % &

. SPACE TELESCOPE SCIENCE INSTITUTE | |
FOR HDI INSTRUMENT TEAM | ‘

LUVOIR STOT F2F3 09 NOVEMBER 2016 B §fsélflvggéﬁczgkﬁiggﬁﬁE




A SCIENCE TEAM HDI

MARC ﬁS'STMAN—STgl_ ‘ g ” DAVE’REDDING JPL

% Daniea Caizem - U. NﬁSsh AMHERST . . JANE RIGBY — GSFC
STEFANO CASERTANO STScl “% DAVID SCHIMINOVICH COLUMBIA
| DoN FIGER - RIT BRtTNEY SCHMIDT - GEORG‘IA TECH

STEVEZ,_EV». FINKELSTEIN — U. TEXAS, AUSTIN . Vicky %COW.CROFT ~- U. BATH, UK

WWAR HARRIS - ARIZONA MIKESHAO - JPL |
ToD'LAUER-NOAO  © . WARREN SKIDMORE - TMT  '®
' ILARIA PASCUCCI - ARIZONA KATE WHITAKER — U. MaAsS., AMHERST
: 1 : 4



Uttra Faiht .

HST+ACS/ H N®

jWST”" (zj H)

JWST+NIRCAM

Ultraviolet ... Ultra Precise ..

1. .DI SCIENCE ”HD

. Ultra ngh Resolu,tcﬁ\ M
. %

; Choroc’renze stellar populo’nons fo |

N ngorously test star formohon thee

res

-

ke Meosure cosmological parameters

B > aith well-calibrated distance

* LUVOIR+HDI

HDST (Vi,H)

LUVOIR+HDI

indicators out to the d|s’rorgge of the
Coma Clusfer

b ]

9, -
a .o

‘Explore outer planet o’rmosphéres,

discover distant objects in the solar

- system

_ Reveal the impact of the'epoch of ®

reionization on galaxy forma’rlc%n and
visualize the evolut‘;n of gclcmes

Map dark mo’r’rer by mecsurlng '
proper motions of golcmes

As’rrome’rnc detection. of 100s ofr
exoEarths Vo

"



1. HDIOVERVIEW . = D
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‘ Mul’ri—chanﬁélfns’rrumen’r: - - - ‘
1) UV imoging«"'clhonnel (290 300 hm) overlopfwfrh LUMOS -
ms’rrumen’r bu’r FOV WI|| be >4x Icrger | . -

2) Visible chcmnel (300 — 1000 nm)+= may be possible to combme
with UV channel if suitable de’rec’ror S used

3) NIR,, {;honnel (1000 - 1800 nm)
4) chh chumnel W|It(:on’ro|n a suVre of narrow (R 50 - 100), ‘
medium [R~20 - 40), and broadband (R~3 - 5) filters. Likely also .
1"0 desire at least one grism/prism option (R ~ 200— 500) '
UV- Vis array I||<ely to be >2 Gpixels (depends on dper’rure)
NIR array likely to be 500 — 750 Mplxels (depends on aperture)

v | .



- 2. HDI Ins’rrumen’r ReqU”’eme”TS R |

¥

Spectral Bandpass: e " RS

Target: 200« 1800 nm - : e

(S’rre’rch 200 #2500 nm) e
Fleld-of-Vlew

Target 4'x 4
| . (Stretch 6'X6’)

( Angula@Resoluhbn . |
Target Nyquist sampled down to-400 nm (stretch 200 nm) *
"'+ Diffraction limited down to 500 nm (stretqh 400 nm)

. WFE across FOV=<s 36 nm -
For® 12m Nyquist @ 400 nm = 3.4 mas (5 Gplx)
D.L. @ 500 nm = 10.5 mas
. .
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- 2. HDI Instrument Requirements* D!
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High-Speed Photometry = . High Precision Astrometry

Temporal Resolution: A_steretric'Precisioh’:‘

Target: 100 msec - Target: 5 x 10 pixels

- % (Stretch: 50 msec) - (Stretch: 10'4 — 10 pix)

HSP may not requirei*‘enfire FOV High astrometric precision will '
» . N require pixel geomsﬂrry calibrdtion
system (e.g., Shao €t.al.) '



2. HDI Instrument Requ\ire‘me‘h’fs’ , |
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“Solar System Imaging considerations:” - -
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3. HDI = Nohonal Design

' Achlevmg diffraction-limited performance over desired FOV IS
feasible in TMA design . .

ST2020 (IDL v.J/K) WFE Map

WFE in nm

025.0-30.0
M 20.0-25.0
[@15.0-20.0
[110.0-15.0
M 5.0-10.0
[0.0-5.0

(utwe) (A) AOA

Pasquale 2008 ATEAST 9.2m



4, HDI+De’rec’rors % «HD

RIT has been developmg CMOS detectors that have goeod ser\s|’r|v1’ry
in NUVand in visible. They also exhibit veLy low reod noise. (&

Graph credit: D. Figer, RIT e jgjg -

100 Thin = MOSIS 43 ' ] . -
Thick = MOSIS 4-4 - *
' Challenge: thinned
~devices doq t work
as well at longer
wavelengths.

To avoid needing
separate UV and

Vis channels for &
HDI, should strive to
eng@eer devices
that ge’r excellent

_ ﬂw/ response from 200 — _

250 300 350 790 o
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4..GIGAPIXEL CAMERAS IN SPAGE HD

* RECENT SPACE HERITAGE:
* ACS/HST: 16 MEGAPIX (2002)
e KEPLER: 95 MEGAPIX (2009) = .
& * GAIA: 937 MEGAPIX (2013) g

®* NEAR FUTURE SPACE FPA: . ' - N R e ‘
y Kepler FocoI.Plone Array (95 Mpix)
* EUCLID: 604 MeGAPIX (~2020) ,
" WFIRST: 302 MEGAPIX (~2024)
, OIR 5 GIGAPIX (~2035)

Gigapixels in Space

2010 2020 2030 2040

Ty A Year

Gdia Focal Plane Array (937 Mpix)




5. HDI — Exposure Time Calculator ,
Marc. Postman, Jason Tumllnson,)

() Bokeh Application

® www.jt-astro.science/luvoir_simtools stc.html
i Apps Y Bookmarks Nexrad Radar @ Movie Times [ ADS |O]/Email [1 JHFCU [] WebET & NY Times [E] Big Data SDT Report [B STScl Box App CLASH Google Wiki ~ »

LUVOIR: Photometric ETC
Back to Main Page

This is the basic ETC for photometry in multiband images. Choose your telescope The details of these calculations are here. We assume that the pixel size in each band
aperture, exposure time, and magnitude. Given an aperture and magnitude (AB in all critically samples the telescope's diffraction limited PSF at the shortest wavelength in
bands), choose the exposure time that reaches your desired S/N. To obtain limiting that channel. Thermal backgrounds are included for T = 280 K, which substantially
magnitudes given exposure time, set that time and then tune the magnitude to reach affects the K band.

your desired limiting S/N.

Aperture (meters):
12

Exptime (hours): 10

Magnitude (AB): 32.9

Wavelength (nm)




SUMMARY =~ =« .HD

HDI: HIGH DEFINITION IMAGER CONCEPT FOR LUVdI& \
. &
1)H|GH ANGULAR RESOLUTION IMAGER FOR GEgERAL —

ASTROPHYSICS COVERmG RANGE 200 - 1800 NM. & i

A. NYQUI’ST SAMPLING IMPORTANT FOR OPTIMAL (NOISELESS) IMAGE
CO-ADDITION. IMPLIES'NEED FOR GIGAPIXEL ARRAY.: o

2)SPEC|AL MODES INCLUDE:

AGH ASTROMETRIC PRECISION MODE FOR OBSERVATIONS OF
NEARBY STARS |iOR EXOPLANET DETECTION; GALAXY PROPER

‘MOTIONS. &

B. HiGH SPEED PHOTOMETRIC MODE FOR OBSERVATION‘ OF STELLAR
PULSATION PHENOMENA AND SOLAR SYSTEM OCCULTATIONS

) DETECTOR DEVELOPMENTS IN WORK BUT ADDITIONAL STUDIES
_ NEEDED TO ASSESS FEASIBILITY OF GIGAPIXEL ARRAY IN. SPACE: .

-



